L is the full Lorentz group (all linear maps leaving Q invariant). L' is the orthochronous Lorentz group that is the subgroup of L whose elements preserve the sign of the first coordinate. L: is the subgroup of L' whose elements I have the property detl = + 1.
Using the canonical basis of R4 we introduce the parity p by p=(p), O"; i, j, , ; 3, Poo=1, 1, , ; i, , ;  3, andp/j=O for all i*j. We shall also use the time Let 5L(2, C) be the group of unimodular 2 x2 matrices over the complex numbers. As is known, there is a surjective homomorphism cp which induces an isomorphism
where Z2 is the set Using matrix language, we may write
where
We shall also use the group G, that is the group generated by L, the group T of translations of M and the group of multiplications by a positive scalar of the vectors of M. G' is the subgroup of G that we obtain by considering L t instead of L.
There is a partial order « on M given by x« y if and only if Q(y -x) > 0 and Xo < Yo' Another partial order < on M is given by x < Y if and only if Q(y -x) '" 0 and xo"; Yo ' We still need the relation <', given on M by x <. y if and only if Q(y -x) == ° and xo"; Yo' We introduce furthe rmore the sets:
C is the group of bijections of M, preserving the relation« .
Zeeman
3 proved that C and G' coinCide. Zeeman's theorem has been generalized in several ways, cf. Refs. 4-9. 2. THE SEPARATING TOPOLOGY FOR MINKOWSKI SPACE M Usually 1\;1 is endowed with the Euclidean topology, but one can argue (Zeeman 3 , 10) that this is objectionable for physical reasons. On the other hand, it is impossible to define a topology for M by means of the indefinite quadratic form Q in a way similar to the Euclidean topology by means of the definite quadratic form. In Copyright © 1975 American Institute of Physics 1210
Ref. 10 Zeeman has proposed several non-Euclidean topologies for M related to the Lorentz group L. Nanda ll -13 investigated them and added some more of this kind of topologies. All these topologies have the property that the corresponding group of autohomeomorphisms of M coincides with G and for that reason they seem to be physically significant. Unfortunately, they are very complicated from a topological point of view; for instance, they fail to satisfy the normal property and hence they are not metrizable. In this section we shall deal with that one of the topologies, proposed by Zeeman, that seems to be the most suitable for phySics, cf. Ref. 
We introduce
(by v* we mean the complement of a set V).
Definition: The separating topology for M is the topology, given by the basis of open sets N;(x), x EO M.
We use the notations Ms for M with the separating topology and ME for M with the Euclidean topology.
Remark:
It is also possible to define our topology by using only the relations «, <, and <'. That offers the possibility of introducing the separating topology in more general causal spaces, cf. Refs. 9, 16. '(x) . Notice that Ms is a Hausdorff space; it satisfies the first axiom of countability and it is a separable space but it does not have a countable basis. However Ms is locally connected and path wise connected it is not locally compact. From a physical point of view it seems to be interesting that on lightlike lines the discrete topology is induced and that on timelike lines and spacelike hyperplanes the Euclidean topology is induced, cf.
Ref. 10.
Comparing ME and Ms we still note the following properties:
(1) The set 0 is open in Ms and not in ME if and only if for all x EO there is an E > 0 such that Ns'(x) e 0 and there is an x EO 0 with the property (C(x) \{x})
(2) The subset X of Ms is compact in Ms if and only if X is compact in ME and all x E X are isolated in xn C(x) (with respect to ME)' On the other hand, we know that all rvx are situated in the same space like hyperplane through rx and therefore A semitopological group G is a topological space, provided with a group structure such that the product map GXG-G, given by (a,b)-ab, (a,bEG) It is sufficient to consider only one timelike vector. We choose x' = (a, 0, 0, 0) and note that it is possible to transform all timelike vectors, situated on the same hypersurface (x, x) = a 2 , into (a, 0, 0, 0) by a suitable Lorentz transformation (a* 0). The intersection of {x 1 (x, x) = a 2 } and the light cone C(x') consists only of the vertex x' of the cone. Therefore, the relations U-1lv x -x , r1lvx-x)=0 and Z-llv x' * x' do not hold together. In other words, (lv x) converges to Ix in ME implies that (tv x) Corollary: Ls induces the discrete topology on the subgroup Z and on its conjugates.
B. Properties of Ls
L, is strictly finer than L E • Example. . h 1 SIll - 0 '1 1 cosh-0 I - '1 n- O 0 1 ' X == 0 0 0 l is
{(rvx)}n (C(rx)\ {rx})
Proof: As is known the elements of <p-I(z) have the form [6 to-il with t E R:, being a subset of B.
0
Notice that in the case of Z there are two isotropic eigenvectors, viz., (1, ± 1,0,0) but in the case of B there is only the isotropic eigenvector (1,1,0,0). Let C be the image under <p of the matrices [~ ~J of SL (2, C) with properties: (i) (tv x) converges to Ix in ME'
(ii) no ; E L exists such that eventually r -lrll J E C.
Proof: Again we only need one space like vector to start with and we choose x' = (0, a, 0, 0), situated on the P.G. Vroegindeweij 1212
